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Abstract: Effects of sintering temperature on structural and electrical properties of La2Mo2O9 

synthesized via solution combustion method are addressed in this work. Single phase of La2Mo2O9 was 

obtained at relatively lower calcination temperature ( 700 ) than the conventional route. The 

synthesized specimen was sintered at three different temperatures 800 , 900  and 1000  for 12 

hours and was subjected to structural & electrical characterizations. X-Ray diffraction pattern confirms 

the formation of monoclinic phase with space group P213 for all three sintering temperatures. Lattice 

parameters were calculated using Reitveld technique and found to be increased with the sintering 

temperature. α  β phase transition is prominent in the Arrhenius plot of all the sintered samples but the 

transition temperature is lower than the powders obtained by the solid state technique. Conductivity was 

found to be increased slightly at lower and intermediate temperatures for 900  and 1000  as 

compared to specimen sintered at 800 . In the intermediate temperatures, grain boundary contribution 

to the total resistance is more distinguished in the Nyquist plot of the sample sintered at 800  which 

causes the decrement in the conductivity. Activation energy in the temperature range 600  - 750  for 

the sample sintered at 800 , 900  and 1000  are 0.5298 eV, 0.35896 eV and 0.35805 eV 

respectively. The sample sintered at 1000  exhibited highest ionic conductivity 0.0391 S.cm-1 at 750 

.  
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1. Introduction: Oxide ion conductor La2Mo2O9 and its family obtained by partial substitution at 

La/Mo or both sites have fascinated the researchers due to high ionic conductivity (0.06 Scm-1) at a 

relatively lower temperature as compared to Ytrria-stabilized zirconia (YSZ) [1]. Synthesis technique of 

La2Mo2O9 is an important factor as the microstructure of sintered pellets and hence material properties 

depend on it. The most common way of synthesis is solid state reaction technique. Wet chemical routes 

are the best options to produce homogeneous nanocrystalline powders. There are several such methods 

like sol-gel synthesis, modified Pechini method, freeze-dried method, microwave assisted combustion 

synthesis etc. which lead to the fabrication of material with better microstructure properties [2-5]. 

Solution combustion synthesis technique is useful in synthesizing homogeneous oxide particles even at 

a lower temperature at a shorter time period [6]. The high temperature required for the formation of 

oxides can be achieved in the exothermic redox reaction between the appropriate oxidizer (metal 

nitrates) and fuel (urea, glycine, etc.) [7]. In this work we have adopted solution combustion technique 

in order to synthesize La2Mo2O9 and presented a study on optimization of sintering temperature from 

structural and electrical characterizations of the material. 

 ASI 
Carbon – Science and Technology 

ISSN 0974 – 0546 

http://www.applied-science-innovations.com  

http://www.applied-science-innovations.com/


 

© Applied Science Innovations Pvt. Ltd., India                              Carbon – Sci. Tech. 11/2 (2019) 85-93 

86 

 

2. Experimental: 

 

2.1 Synthesis: Stoichiometric amounts of La(NO3)3.6H2O (Loba Chemie, 99 %), (NH4)6Mo7O24.4H2O 

(Loba Chemie, 98 %), H2NCH2COOH ( Loba Chemie, 99 %) were taken in 20 ml double distilled water 

and constantly stirred with a  magnetic stirrer at 80 . The gel formed after constant stirring was ignited 

in the preheated muffle furnace at ~550 . The ignition starts at one part of the gel inundating the whole 

gel inside within a couple of moments. The powders obtained in the combustion process were 

subsequently calcined at 500 , 700  for 12 hours each. Finally, the powders were pelletized and 

sintered at three different temperatures 800 , 900  and 1000  for 12 hours. 

 

2.2 Characterizations: RT- XRD were recorded in RIGAKU ULTIMA IV applying Cu-Kα radiation 

(λ=1.54059 Å) in the 2θ range 10o ≤ 2θ ≤ 80o at a scan rate 0.35o per minute with step width 0.005o. 

Scanning electron microscopy was used to study the microstructure of the samples. Differential scanning 

calorimetry (DSC) thermograms of the specimens were obtained by STA 449 F3-NETZSCH in argon 

environment with a heating rate 10 per minute. Electrochemical Impedance Spectroscopy (EIS) was 

used to analyze the electrical properties of prepared compounds. Gold coated sintered pellets were 

subjected to electrical characterization from room temperature to 750  in HIOKI-LCR TESTER 3532-

50 with frequency limit 42 Hz to 5 MHz. 

 

3. Results & Discussion: 

 

3.1 XRD Analysis: XRD patterns of (a) raw powder (b) powder calcined at 500  and (c) 700  

obtained at room temperature are shown in Figure (1). The diffraction pattern of the raw powder clearly 

shows the reflections of La2Mo2O9 phase. The diffractogram of the powder calcined at 700  matches 

with JCPDS card No. 23-1145, confirming the formation of single phase La2Mo2O9. It is noteworthy 

that in solid state reaction technique impurity peaks are present even after high temperature sintering [8]. 

Thus, synthesis of compound by solution combustion technique eliminates impurities present. 

 

 
Figure (1): XRD pattern of (a) raw powder (b) powder calcined at 500  (c) powder calcined at 700  
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The XRD patterns of the sintered specimens at 800 , 900  and 1000  are shown in Figure (2). All 

three pattern suggest a slightly distorted cubic phase of La2Mo2O9 with splitting reflection of (321) 

plane. Lattice parameters are determined by the Fullprof Reitveld refinement [9] of the XRD profiles of 

all the sintered samples obtained at room temperature using cubic symmetry (space group P213) [10]. 

Lattice parameters were found to be increased with the sintering temperature as shown in Table (1). 

 

 
 

Figure (2): Room temperature XRD pattern of sintered samples (a) 800  (b) 900  and (c) 1000 . 

 

Table (1): Parameters obtained from the Reitveld refinement. 

Sintering 

temperature 

(  ) 

Lattice 

parameter 

a (  ) 

Volume 

(  )3 

χ2 Rp (%) Rwp (%) RE (%) 

800 7.15268 365.937 4.89 12.3 15.3 6.93 

900 7.15280 365.956 4.82 12.4 15.4 6.49 

1000 7.15350 366.063 4.96 11.2 14.1 6.33 
 

3.2 Surface morphology studies: SEM micrographs are shown in Figure (3) for all samples at different 

sintering temperatures. Here increase in average grain size (dg) is observed as with sintering temperature 

increases, the values are shown in Table (1). It is clearly evident that the sample sintered at 1000  has 

the least porosity. 
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(a)  (b) 

 

 (c) 

Figure (3): SEM micrographs (a) 800  (b) 900  (c) 1000 , all at 5 μm scale bar. 

3.3 Differential Scanning Calorimetry (DSC) studies: DSC thermograms of the samples are shown in 

Figure (4). The α  phase transition is indicated by an exothermic peak at temperature 562 , 565  

and 564  for the sample sintered at 800 , 900  and 1000  respectively. No specific trend was 

observed for the transition temperature with respect to the sintering temperature. 
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Figure (4): DSC plots of samples sintered at different temperatures (oC). 

 

3.4 Impedance Analysis: The complex Nyquist plots fitted with the equivalent circuit at temperature 

375  corresponding to the samples sintered at 800 , 900  and 1000  are shown in Figure 5(a), 

5(b) and 5(c) respectively. The solid lines represent the fitted value. Three (R||CPE) circuits are 

connected in series to describe three distinct parts of the impedance spectra- bulk, grain boundary and 

electrode-electrolyte interface processes at high, intermediate and low frequency regions respectively. 

 

 
Figure (5): (a) Nyquist plot at 375  of the sample sintered at 800 . 
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From the plots, it is clearly seen that compared to the samples sintered at 900  and 1000 , specimen 

sintered at 800  has more grain boundary contribution. Bulk conductivity (σg) and total grain boundary 

conductivity (σgbT) was calculated by using the following relations, L and S is the sample thickness & 

electrode area respectively. 

 

σg = L/(Rg*S)                                                                         [1] 

 

σgbT = L/(Rgb*S)                                                                     [2] 

 

 
                                Figure 5(b): Nyquist plot at 375  of the sample sintered at 900 . 

 

Grain boundary width was estimated from the Brick Layer Model [11] and the equation used was 

 

δ= dg (Cg/Cgb) (εg/εgb)                                                 [3] 

 

Where, average grain size dg is calculated from SEM micrograph and grain & grain boundary 

permittivity (εg and εgb) are considered to be equal. All these circuit parameters are tabulated in Table 2. 

 

Table 2: Equivalent circuit fitting parameters obtained at 375 . 

Temperature 

( ) 

Cg (pF) Cgb (nF) σgx10-5 

(S/cm) 

σgbTx10-4 

(S/cm) 

δ (nm) Grain 

size 

(μm) 

800 29.961 0.44 3.0996 0.394 94.24 1.384 

900 25.105 7.37 1.7724 1.615 9.408 2.762 

1000 23.06 19.72 1.52 1.608 3.33 2.847 

 



 

© Applied Science Innovations Pvt. Ltd., India                              Carbon – Sci. Tech. 11/2 (2019) 85-93 

91 

 

 
 

Figure 5(c): Nyquist plot at 375  sintered at 1000 . 

 

The grain boundary width decreases as the sintering temperature increases. This is due to the increased 

grain size. The sample sintered at 800 oC possesses larger grain boundary area because of the smaller 

grain size and total grain boundary conductivity is, therefore, less for the sample. Although there is no 

significant difference in total grain boundary conductivity for the sample sintered at 900  and 1000 . 

The ionic conductivities of the samples were obtained by 

 

σ = L/[(Rg+Rgb)*S]                                                                 [4] 

 

Where, grain and grain boundary resistances (Rg & Rgb) were obtained from the fitted data. 

 

Arrhenius equation was used to plot log (σT) vs (1000/T) in order to describe the relationship between 

electrical conductivity and temperature. 

 

σ = (A/T) exp (-Eg/KT)                                                           [5] 
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Figure (6): Arrhenius plot of the sintered samples. 

 

Figure (6) shows the Arrhenius plots of the sample sintered at the three different temperatures. All three 

specimen undergo monoclinic (α) to cubic (β) phase transition. The transition temperature for the 

sample sintered at 800  is 530  whereas both the samples sintered at 900  and 1000  exhibit 

phase transition at 520 . The onset and completion point of the phase transition temperature are at a 

relatively lower temperature as compared to compound synthesized by solid state technique which may 

be due to relatively smaller particle size [12, 13]. From Table (3), it can be seen that activation energy 

(Eg) for high conducting β phase decreases with increasing sintering temperature due to decrease in grain 

boundary width. The Sample sintered at 1000  possesses the lowest activation energy 0.35805 eV and 

exhibit highest ionic conductivity 0.0391 S/cm at 750 . 

 

Table (3): Comparisons of conductivity and activation energy, 

 

Sintering 

temperature (  

Conductivities at 

750  (S/cm) 

Activation energy 

(eV) 

800 0.033 0.5298 

900 0.0384 0.35896 

1000 0.0391 0.35805 

 

Conclusions: In this work La2Mo2O9 has been synthesized by using solution combustion method. The 

prepared oxide was sintered at three different temperatures 800 , 900  and 1000  in order to 

optimize the sintering temperature. Grain growth increases with increasing sintering temperature. From 

AC impedance spectroscopy it is observed that at sintering temperature 800  grain boundary effect 

minimizes the conductivity in the intermediate temperatures and produces a diffused type transition. The 

sample sintered at 1000  has larger grain size with negligible porosity and exhibit highest conductivity 

0.0391 S/cm at 750  with minimum activation energy. 
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